ABSTRACT: The diversity of parasites found on Nyctiphanes simplex and Nematoscelis difficilis (Order Euphausiacea) was compared during 10 oceanographic cruises made off both coasts of the Baja California peninsula, Mexico. We tested the hypothesis that N. simplex has a more diverse parasitic assemblage than N. difficilis because it is a neritic species, has larger population abundance, and tends to form denser and more compact swarms than N. difficilis. These biological and behavioral features may enhance parasite transmission within swarms. We detected 6 types of ectoparasites: (1) epibiotic diatoms Licmophora sp.; (2) Ephelotidae suctorian ciliates; (3) Foettingeriidae exuviotrophic apostome ciliates; (4) an unidentified epicaridean cryptoniscus larvae (isopoda); and 2 castrators: (5) the ectoparasitic Dajidae isopod Notophryxus lateralis and (6) the ellobiopsid mesoparasite Thalassomyces fagei. We also detected 7 types of endoparasites: (1) an undescribed Collinia ciliate (Apostomatida); 3 types of Cestoda: (2) a Tetrarhynchobothruium sp. (Trypanorhyncha), (3) Echinobothrium sp. (Diphyllidea: Echinobothyriidae), and (4) unidentified metacestode; (5) a Trematoda Paronatrema-like metacercaria (Syncoeliidae); (6) the nematode Anisakis simplex (L3); and (7) Polymorphidae acantocephalan larvae (acanthor, acanthella, and cystacanth larval stages). N. simplex is affected by all types of parasites, except the isopod N. lateralis, having a considerably larger parasitic diversity and prevalence rates than N. difficilis, which is only infested with 3 types of ectoparasites and T. fagei. Euphausiid swarming is an adaptive behavior for reproduction, protection against predators, and increased efficiency in food searching, but has a negative effect due to parasitism. Although the advantages of aggregation must overcome the reduction of population and individual fitness induced by parasites, we demonstrated that all types of parasites can affect ~14% of N. simplex individuals. Collinia spp. endoparasitoids must occasionally have a significant influence on population mortality with potential epizootic events.
INTRODUCTION
Several euphausiid (krill) species are able to attain massive biomasses and can form vast, dense swarms or schools playing a significant role in pelagic food webs in several ecosystems. Numerous macropredators take advantage of these krill aggregations, but the role of parasites in krill health condition and mortality is only fragmentarily known, particularly in tropical and subtropical ecosystems. Since several landmark reviews discussed the parasites of euphausiids (Mauchline & Fisher 1969 , Komaki 1970 , Mauchline 1980 , an increasing number of parasites and parasitoids have been discovered. The parasites of euphausiids include an array of interspecific associations that ranges from almost innocuous parenthetic epibiotic organisms such as diatoms (McClatchie et al. 1990 ), suctorians (Nicol 1984 , Tarling & Cuzin-Roudy 2008 , and apostome exuviotrophic ciliates (Lindley 1978 , Rakusa-Suszczewski & Filcek 1988 , Landers et al. 2006 , to castrators (Field 1969 ) and parasitoids (Capriulo & Small 1986 , Gómez-Gutiérrez et al. 2003 , 2006 , 2009 . It is now apparent that each euphausiid species has a complex interspecific parasite-host association that depends on its life cycle, feeding habits, reproductive strategy, zoogeographic affinity, daily vertical migration, and swarming/schooling behavior (Shimazu 1975a ,b, 2006 , Théodoridès 1989 , Ohtsuka et al. 2000 , Gómez-Gutiérrez et al. 2003 , 2006 , 2009 .
The aggregating behavior of euphausiids can develop in early larval stages, as young as furcilia IV (Hamner et al. 1989) , possibly enhancing parasitic transmission after the ontogenetic formation of dense swarms and/or schools. The high density and swarming behavior characteristic of most numerically dominant euphausiid species may facilitate ecto-, meso-, and endoparasitic transmission within individuals of the same swarm (Hamner 1984 , Nicol 1984 , O'Brien 1988 . This inherent disadvantage of social behavior of euphausiids has not been specifically tested by comparing congeneric species that overlap in their distribution range but have distinctly different lifestyles and swarming behaviors. We compared the parasite diversity and prevalence rates of the 2 numerically dominant euphausiids from the northwestern coast of Mexico: Nyctiphanes simplex, which comprises between 85 and 95% of total euphausiid abundance, and Nematoscelis difficilis, with between 4 and 14% of the total euphausiid abundance (see Table 1 ) (Brinton & Townsend 1980 , Gómez 1995 , Gómez-Gutiérrez et al. 2009 ).
Nyctiphanes simplex is a small (19 mm max. length), neritic, and omnivorous species that frequently forms dense daytime surface (Gendron 1992 , Ladrón de Guevara et al. 2008 ) and epibenthic swarms (Robinson & Gómez-Gutiérrez 1998 , Gómez-Gutiérrez & Robinson 2006 . Theoretically, N. simplex has small nearest neighbor distances (NND) among individuals deducted from high density swarms observed with underwater video cameras and hydroacoustic observations (~1 to 15 cm) (Gómez-Gutiérrez & Robinson 2006) . Nematoscelis difficilis is a larger (25 mm max. length), mostly carnivorous species that performs extensive daily vertical migrations and is mostly distributed in oceanic regions across the North Pacific Ocean (Brinton 1962 , Brinton & Townsend 1980 . However, they show a strong preference for the neritic zone in the California Current System (Bucklin et al. 2002) . N. difficilis has occasionally been observed aggregating near surface during the day, but in low densities, supposedly having large NND (> 50 cm to meters) (D. L. Gendron pers. comm.). Indirect evidence of these interspecific swarming behavior differences is that several predators that require high densities of prey, like the mobulid rays (Mobula thurstoni and M. japonica) and the blue whale Balaenoptera musculus, prey significantly more on N. simplex than on N. difficilis in the Gulf of California (Notarbartolo-di-Sciara 1988 , Gendron 1992 , Del Ángel-Rodríguez 1997 .
The only previous report of parasites of these 2 euphausiid species is the ellobiopsid Thalassomyces fagei infesting Nyctiphanes simplex in the Galapagos and Humboldt Current regions (Cornejo-De Gonzalez & Antezana 1980) , and Nematoscelis difficilis infestation by the dajidae isopod Notophryxus lateralis off California (Field 1969) and exuviotrophic ciliates of the genus Gymnodinoides off the Oregon coast (Landers et al. 2006) . The Dajidae isopod Notophryxus lateralis has been shown to infest N. difficilis during a shore stranding event in Bahía de La Paz (De Silva-Dávila et al. 2004) . Additionally, the ectoparasitic Dajidae isopod Oculophryxus bicaulis was discovered infesting the euphausiids Stylocheiron affine and S. longicorne along the west coast of the Baja California peninsula (Shields & Gómez-Gutiérrez 1996) .
The present study is the first comprehensive description of the diversity, prevalence rates (number of individuals of a host species infected with a particular parasite species divided by the number of hosts examined), and intensity (number of individuals of a particular parasite species in each infected host) of the parasite assemblages of euphausiids from Mexican waters. Our main aims are first to identify the multispecific ecto-, meso-, and endoparasitic assemblages to the lowest possible taxonomical level and to compare the parasitic diversity and prevalence rates of Nyctiphanes simplex and Nematoscelis difficilis, 2 numerically dominant euphausiid species in northwestern Mexico, as a function of their different life styles, and second to explore the possible role of swarming behavior in parasite diversity, prevalence, infection, and infestation rate. (Gómez-Gutiérrez & Robinson 2006 , Gómez-Gutiérrez et al. 2009 ). The 6 oceanographic cruises were carried out on-board the RV 'El Puma' (Fig. 1) . To study euphausiid aggregation behavior, we obtained hydroacoustic records along the ship track of the sound scattering layer using a Simrad EY-60 splitbeam echosounder (120 kHz). Two underwater video cameras were used to identify the acoustic scatterers as described in Gómez-Gutiérrez & Robinson (2006) .
MATERIALS AND METHODS

An
Euphausiids were collected using 4 types of gear: (1) 4 manually operated opening-closing nets towed obliquely (0.5 m mouth diameter with 300 µm mesh) to study vertical distribution patterns; (2) standard oblique Bongo net trawls (300 and 500 µm mesh) to estimate column-integrated euphausiid abundance (see Table 1 ); (3) non-quantitative samples with a 1 m diameter, 5 m-long net (300 µm black mesh) to obtain live euphausiids for shipboard observations; and (4) occasionally euphausiids were collected with an IsaacKidd mid-water trawl (2 × 2 m mouth, Kalhsico) (Gómez-Gutiérrez et al. 2009 ).
From these samples, live juvenile and adult euphausiids were sorted out on-board immediately after collection and observed using a Carl Zeiss (SV11) stereoscope fitted with a calibrated micrometer to identify species, sex, and gonad development and measure total length (TL, from behind the eye to the tip of the telson). Other simultaneous krill studies included: identification of digestive tract bacterial load, estimation of lipid content, and oxidative stress analyses (Aguilar-Méndez 2008 , Tremblay 2008 . Additionally, numerous specimens were incubated shipboard for 48 h at 16°C in dark conditions and observed every 12 h to estimate body growth, molt, and egg production rates (Gómez-Gutiérrez et al. 2009 ).
When live parasites of Nyctiphanes simplex and Nematoscelis difficilis were detected, they were photographed and/or videotaped with an Olympus digital camera (Camedia 3040, 3.3 × 10 6 pixel resolution) fixed on the stereoscope. Because parasites were clearly visible in transparent live euphausiids, shipboard observations gave us the opportunity to measure and describe the parasite's external morphology, coloration, behavior, prevalence, and intensity rates (without the need for dissection). This is advantageous because euphausiids rapidly lose transparency after death or through chemical preservation, making it difficult to detect endoparasites. Several preserved euphausiids were cleared with pure lactic acid to observe them after preservation for taxonomic identification. We were able to detect ecto-, meso-, and endoparasites as small as 30 µm in length (apostome ciliates). We calculated prevalence rates from the proportion of euphausiids with parasites from the total number of live specimens observed at each sampling station at Bahía Magdalena (n = 2212 euphausiids observed), but this was not systematically conducted in the Gulf of California cruises. Several N. simplex (n = 24) and N. difficilis (n = 3) specimens collected along the west coast of the Baja California peninsula (29 to 23°N) during July 1987 , December 1993 , October 1994 , and March 1996 were detected parasitized mostly with the ellobiopsids Thalassomyces fagei and the nematode Anisakis simplex. Additional parasite records of N. difficilis from the Oregon-California coast (2002) (2003) are also included here for interspecific comparative purposes (J. Gómez-Gutiérrez unpubl. data). Our intention was not to identify and describe new species, but to distinguish distinct types of ecto-, meso-, and endoparasites from well-defined taxonomic groups that have considerable differences in morphology, life-stage, feeding, life cycle, and pathological patterns.
RESULTS
Nyctiphanes simplex was the numerically dominant euphausiid off both coasts of the Baja California peninsula, with between 6 and 22 times greater abundance than Nematoscelis difficilis in the Gulf of California (Table 1) . Selection of 2 dusk-nighttime echograms (during ascent migration), where submarine video cameras and zooplankton net samples showed almost monospecific aggregations of N. simplex and N. difficilis, showed N. simplex had considerably more dense and spatially larger aggregations than N. difficilis (Fig. 2) . N. difficilis was collected almost exclusively in the Gulf of California because this species has an oceanic affinity and our sampling grid along the southwest coast of the Baja California peninsula was exclusively over the continental shelf. Thus, except for the apostome exuviotrophic ciliates that seem to be ubiquitous in euphausiids, all of the parasites reported for N. difficilis were encountered in the Gulf of California. Combining data from Oregon (J. Gómez-Gutiérrez unpubl. data) and from both sides of the Baja California peninsula, we detected 13 distinct taxonomic types of parasites, 5 ectoparasites, 1 mesoparasite, and 7 endoparasites ( Table 2 ). Some of them await formal taxonomic description because they appear to be new species.
Nyctiphanes simplex epibiotic organisms, ectoparasites, and mesoparasites
Epibiotic diatoms
Epibiotic stalked, triangular, pennate diatoms (Licmophora sp.) infested Nyctiphanes simplex at 8 oceanographic stations located over the continental shelf of Bahía Magdalena. Intensity varied from a few cells per appendage, or per animal, to many thousands, covering most of the thoracic appendages, antennae, gills, ovigerous sacs, and the eyes (Fig. 3A,B) . Heavy infestations had considerable negative effects on swimming and respiration and gave the animals a fuzzy appearance that made them more visible to predators. Infested N. simplex ranged between 7.6 and 17.2 mm TL, but higher prevalences (average 8%, range 1 to 17%) and intensity rates were observed in larger individuals (>12 mm) (Fig. 4A) . Epibiotic diatoms were present on euphausiids over the conti- 
Ellobiopsidae
The ellobiopsid Thalassomyces fagei (Boschma) , which could be considered a mesoparasite because it penetrates the external exoskeleton of euphausiids, was observed infesting Nyctiphanes simplex in Bahía Magdalena with low prevalence rates (<1.5%) and invariably with an intensity of 1 parasite per host (Tables 3 & 4) . A total of 24 specimens of N. simplex (furcilia I, 2.2 mm TL, to adult, 12.0 mm TL) collected along the west coast of the Baja California peninsula (29 to 23°N) during July 1987 (n = 4), December 1993 (n = 1), October 1994 (n = 8), and March 1996 (n = 11) were also infected with T. fagei. T. fagei is the only ellobiopsid species reported in euphausiids worldwide and is characteristically attached to the mid-dorsal part of the carapace, inserted deeply into the host nervous system above the gonad region and, in some cases, in the first third of the carapace not connected to the gonad region ( For comparative purposes of interspecific swarming behavior both echograms were recorded during dusk-nighttime when the pelagic organisms responsible for the sound scattering layer ascend. Numerically dominant euphausiid species were determined using underwater video cameras and zooplankton nets. Six fin whales Balaenoptera physalus were feeding in the N. simplex swarm location L3 stage can be larger than the host (12.1 mm, host total 0.0001 (1) length of 11.8 mm, 9.4 mm, host total length of 10 mm), prominent larval tooth and large mucron (20 µm length), width 0.4 mm, body width/length ratio 3.3%, distance anus to tip of the tail 100 µm Acanthocephala Polymorphidae Ns BM, GC Endoparasite trophically transmitted; 3 larval stages: 3.1 (1) acanthor (elongated pear-shaped), acanthella (pear-shaped), and cystocanth (oval); acanthocephalan size and development stage was positively associated with the total length of the krill host Crustacea Isopoda Epicaridea Ns BM Ectoparasite, unidentified Epicaridea cryptoniscus larval < 0.1 (1) stage, 1.3 mm total length, brown, with eyes and 14 segments infesting N. simplex female 9.8 mm total length Dajidae Notophryxus lateralis Nd GC Ectoparasitic castrator, large female 2.1 mm length × 1 mm <1 (1) width, and small female 1.8 mm length × 0.9 mm width (found in different individual hosts), ovoid body highly modified by parasitic mode life, orange-brown color, male 400 µm a Estimated prevalence Table 2 . Nyctiphanes simplex and Nematoscelis difficilis. List of parasites of krill N. simplex (Ns) and N. difficilis (Nd) and main characters at both coasts of the Baja California peninsula, Mexico. BM: continental shelf and mouth of Bahía Magdalena; GC: Gulf of California because it is frequently observed that the parasite reaches sexual maturity (gonomere cells) in euphausiids. Infested N. simplex molted with a 4 d intermoult period, maintaining the parasite attached after the molt; we also observed additional infested euphausiids in the post-molt stage. We detected ellobiopsid infestation even in furcilia stages. This evidence suggests that T. fagei infestation does not inhibit the euphausiid's molting process and that once infested they maintain this parasite-host association for the rest of the host's life. The intensity of T. fagei infestation was usually 1 parasite per host, except an N. simplex specimen infested with 2 individuals of distinct sizes (750 and 400 µm). Observation of the host cleared with lactic acid showed that these were indeed 2 separate T. fagei parasites.
Exuviotrophic apostome ciliates
Unidentified encysted phoront ciliates were frequently observed attached to Nyctiphanes simplex and Nematoscelis difficilis. During multiple 48 h shipboard incubations, we observed how, after the euphausiid molted, the phoront ciliates excysted, transforming into a trophont stage that actively swam and fed inside the molt. Thus we experimentally confirmed that phoront cells are apostome exuviotrophic ciliates. They were the most frequent (higher prevalence rates) and widespread epibiotic organisms infesting N. simplex and N. difficilis (Table 2) . In Bahía Magdalena, considerably higher prevalence rates were recorded in March and July than in December 2004 (Table 3) setae of the pleopods, the site of highest intensities, but they were also observed attached to setae of periopods, antennae, uropods, and telsons. After the host molted, the phoront excysted and increased in size, transforming into a trophont cell changing from transparent to orange or yellow coloration (Fig. 3F) . We detected several distinct phoront and trophont forms (morphology, coloration, and size), likely indicating that both euphausiids posses a multispecific assemblage of apostome exuviotrophic ciliates. Light microscopy unequivocally demonstrated the metamorphosis from an apostome tomite stage through transformation and metamorphosis to the pre-feeding stage (with 9 spiraling kineties) that, following criteria described by Landers et al. (2006) , allowed us tentatively to identify them as exuviotrophic apostome ciliates of the family Foettingeriidae (Fig. 3E,F (Fig 3G,H) . When Collinia ciliates killed the euphausiid, the isopod detached and abandoned the carcass. Another identical cryptoniscus stage larva was observed attached to the head of an N. simplex individual (Puerto Libertad, Gulf of California, 16 January 2007). The cryptoniscus isopods had 14 segments (typical of Epicaridea larvae), brown pigmented bodies, black eyes, oral sucking disks, and were larger (1.3 mm, Fig. 3H ) than cryptoniscus (0.58 mm) and microniscus (0.26 mm) larvae of Notophyxus lateralis (Dajidae) that infest Nematoscelis difficilis (Field 1969) . N. lateralis cryptoniscan larvae are transparent and without eyes (Field 1969, his Fig. 9a ). Thus we do not think this was a N. lateralis cryptoniscus larval stage. Although their prevalence rates were low, it is clear that these isopods can easily detach during sampling and fixation processes, which could potentially underestimate their actual prevalence rates. Isopod larvae seem to be opportunistic rather than obligate euphausiid ectoparasites. These are the first observations of cryptoniscus larvae infesting euphausiids (previously known to infest only copepods and cephalopods).
Suctorida ciliates
We observed a Nyctiphanes simplex specimen infested with one epibiotic suctorian ciliate of the family Ephelotidae attached to the lower and anterior part of the uropod (27 July 2007) ( Table 4 , Fig. 3I ). Because systematic observations of epibiotic protists attached in the external body was not carried out during the Gulf of California cruises, it is likely they were overlooked. (1987, 1993, 1994, and 1996) . (A) N. simplex infested by epibiotic Licmophora sp., the ellobiopsid Thalassomyces fagei, an unidentified acanthocephalan larvae (acanthor, acantella, and cystacanth stages), and the nematode Anisakis simplex. ) prevalence of apostome cysts of the family Foettingeriidae However, our data suggest that suctorian prevalence and intensities rates of N. simplex are extremely low.
Nyctiphanes simplex endoparasites
We detected an endoparasitoid protist with moderate prevalence and high intensity rates, an acanthocephalan, and at least 5 distinct types of helminth endoparasites with usually low prevalence rates. In some cases, the helminth attained a total length comparable to their euphausiid hosts.
Apostomatida ciliates
Endoparasitoid apostome ciliates of the genus Collinia exclusively infected Nyctiphanes simplex off both coasts of the Baja California peninsula (Fig. 5A,B , Tables 2 & 3) . The taxonomic description, life cycle, and ecophysiological aspects of this parasitoid infection will be published elsewhere (J. Gómez-Gutiérrez et al. unpubl. data) . In Bahía Magdalena, Collinia infections were observed at 15 to 50% of the oceanographic stations sampled, with average prevalence rates per station ranging from 1 to 40% (average 10%). At Bahía Magdalena, higher infection rates were detected during the warmer season (December) when the North Equatorial Current advances northward, but no seasonal trend was detected in the Gulf of California (Table 3) . Infected, live N. simplex were recognized by the beige (early infection) or intense orange (late infection phase) swollen cephalothorax (Fig. 5A) . We observed all life stages known for the Collinia genus (phoront, trophont, tomont, and tomite); all had between 12 and 16 kineties, being morphologically distinct from any known Collinia species that infect euphausiids (Fig. 5B) , such as C. beringensis (Capriulo & Small 1986) (Fig. 5A) . Collinia sp. is, without doubt, the most widespread parasitoid of the N. simplex population off both coasts of the Baja California peninsula.
Trematoda: Digenea (flatworms)
In January 2007, we detected a single Nyctiphanes simplex infected by a syncoeliid unencysted metacercaria (without the tail) tentatively identified as a member of the genus Paronatrema, particularly similar to Paronatrema sp. 2 (Shimazu & Kagei 1978 , Shimazu 2006 ). Its specific identification cannot be established until its adult stage is obtained. The infection site of this Paronatrema-like endoparasite was in the posterior part of the mid-gut gland, apparently suspended in the krill hemocoel. The parasite had a characteristic trematode broad body and a relatively small excretory vesicle in the middle part of the body (Fig. 5C,D) .
Cestodes
We identified 3 distinct types of Cestoda larvae. The first was a brown, bean-shaped, plerocercoid cestode with a blastocyst (1. (Fig. 5E ). The dissected specimen (immersed in pure lactic acid) showed the alveoli having a proboscis bulb that we identified as a plerocercoid of the genus Tetrarhynchobothrium (Order Trypanorhyncha, suborder Cystoidea) (Shimazu 1975a (Shimazu , 2006 (Fig. 5F , Tables 2 & 3). The second cestode was an unidentified metacestode detected in the posterior part of the hepatopancreas having a spherical cluster (680 µm diameter) of cells with an external membrane (Fig. 5G,H , Table 2 ). The cells were transparent and it was not possible to identify this metacestode without further research (Fig. 5H) .
The third type of cestode larvae was detected inside the posterior part of the cephalothorax of a Nyctiphanes simplex adult. This plerocercoid cestode was tentatively assigned to the genus Echinobothrium (Order Diphyllidea, Family Echinobothriidae), due to its slender and relatively short body and typical scolex bipartite, consisting of scolex proper and cephalic peduncle (Fig. 5I,J) . The external morphology of the cestode resembled the 4 Echinobothrium species discovered from elasmobranchs in the Gulf of California (Tyler & Caira 1999 , Tyler 2001 . Because the specimen was not preserved, we were unable to observe the cephalic peduncle and apical hooks; therefore it was identified only to genus level. During shipboard incubations, the plerocercoid was discovered attached to (Fig. 5I) . Considering its slender and relatively small body size, it is likely that this type of cestode was overlooked in other N. simplex specimens (Table 3) .
Nematoda: Ascariodea (round worms)
In the Gulf of California, a large ascaridoid larva (third larval stage, 12.1 × 0.4 mm) was detected coiled inside the cephalothorax and part of the abdomen of a single Nyctiphanes simplex exceeding the total length of the host (11.8 mm) (Fig. 5K,L) . The specimen had a prominent boring tooth on the tip of the head, the excretory pore opened before the nervous ring (Fig. 5M) , which had a distinct mucron (20 µm), and the distance from the anus to the tail was 100 µm (Fig. 5N) . These morphological features, together with the observation that the specimen had neither intestinal caecum nor ventricular appendix, indicate that this is Anisakis simplex (Hurst 1984a ,b, Smith 1983a . However, its body width:length ratio was 3.3%, which is within the range of the genus Pseudoterranova sp. (Hurst 1984a) and considerably larger than that reported for A. simplex (2.14%, Hurst 1984a; and 1.72 to 1.78%, Shimazu & Oshima 1972 ). Due to the high A. simplex:euphausiid length ratio, this parasite must represent a considerable proportion of the host's biomass and energy. The dissection of the N. simplex hosts showed a reduced hepatopancreas and absence of gonads. The infected N. simplex was in pre-molt stage (D), but never molted onboard. Another A. simplex third larval stage specimen (9.4 mm TL) was collected along the west coast of the Baja California peninsula (February 1994), infecting an N. simplex of 10 mm TL.
Acanthocephala larvae
Brown Acanthocephala larvae (Family Polymorphidae) were frequently observed infecting exclusively Nyctiphanes simplex,, with intensities of 1 parasite per host, in different larval stages: acanthor (with long and narrow apical pole, 955 × 450 µm, Fig. 5O ) infecting a female of 9.3 mm TL; acanthella (moderate and broad apical pole, pear-shaped, 1155 × 645 µm) infecting females of 8.9 and 10.7 mm TL; and cystacanth (oval infective stage, 1125 × 705 µm) infecting a male of 11.2 mm TL. All larvae were detected in the posterior part of the hepatopancreas (mid-gland) surrounded by a thin acellular envelope that likely protects the developing larva from cellular responses of the euphausiid (Fig. 5O,P) , resembling acanthocephalan larvae described by Shimazu (1975b) . All the infected N. simplex females had gonads in oogonia (stage I). In the oceanographic station where we detected several fin whales feeding on a dense N. simplex swarm (Fig. 2A) , we collected 6 krill specimens infected with acanthocephalan larvae in 3 distinct stages. Lactic acid-cleared larvae showed that all the specimens had progressive proboscis development (intruded), armed with 3 rows of hooks at each side that eventually will become the characteristic acanthocephalan proboscis. Acanthocephalan larvae were the most frequent and widespread endoparasite in N. simplex from the Gulf of California, particularly in July 2007 (Table 4 ). The larvae were coiled inside 3 membranes exhibiting slow movements, but sometimes actively migrating inside the carapace. They were never observed in the digestive tract.
Nematoscelis difficilis mesoparasites and ectoparasites
Ellobiopsidea
The mesoparasite Thalassomyces fagei was also observed infesting juvenile and adult Nematoscelis difficilis in the Gulf of California (July 2007) (Fig. 6A,B) and furcilia larvae along the west coast of the Baja California peninsula (October 1994, n = 3, 2 to 4 mm total length). A juvenile N. difficilis was infested with T. fagei in early development (budding) stage with dichotomous branching (Fig. 6B) . This suggests that the ellobiopsids infest early in the euphausiid's life cycle and grow and reproduce as the euphausiids age. Thus T. fagei has a long-life parasitic association, castrating its host but not inhibiting the molting process. We observed N. difficilis at 2 stations with an unusual double infestation of adult T. fagei (attached to the first third of the cephalothorax, instead of the most common insertion site at the dorsal mid-part of the cephalothorax) and a mature Dajidae isopod female Notophryxus lateralis attached to the thoracic appendages and gills (Fig. 6A) . This demonstrates that macroparasite castrators may change infestation patterns when on the same host. 
Dajidae isopods
The Dajidae isopod Notophryxus lateralis was discovered infesting Nematoscelis difficilis at one station of each oceanographic cruise made in the Gulf of California. The average female isopod length was 2.1 mm and they infested large adult female N. difficilis with immature gonads (castration) with low prevalence rates per station (<1%) (Tables 2 & 4) . This is the first record of N. lateralis in the central and northern part of the Gulf of California. Dissection of the females, embryos, and neotenic males confirmed the species identification (Field 1969) . Live females have a pale orange coloration and the eggs in their brood pouch (80 µm diameter) were whitish. The posterior ventral part of the brood pouch has a small bright green spot (Fig. 6C,D) . Each female had one male (400 µm) in their pouch. One ovigerous N. lateralis female had 661 embryos (average 160 × 90 µm).
Apostome ciliates
We observed exuviotrophic apostome ciliates of the family Foettingeriidae (40 µm length) infesting Nematoscelis difficilis off both coasts of Baja California with a prevalence of 80% at Bahía Magdalena (n = 10).
DISCUSSION
Without doubt no euphausiid species is invulnerable to parasitism. However, for parasites and, particularly, parasitoids, not all euphausiid species are suitable as hosts to facilitate parasite transmission, complete their life cycle, and/or sustain stable parasite populations due to restrictions in host body size, feeding habits, population density, daily vertical migration, and social behavior. According to Kuris et al. (1980, p. 571) , 'individual host organisms are unequivocal 'islands' for parasites, where infection (or infestation) is equivalent to immigration of the parasite population and extinction represent the loss of a parasite population either from natural death of the parasites with short life spans, competition from other parasite populations, and/or host defensive responses'. Thus euphausiids may be regarded as islands for parasites at several levels of organization: (1) individuals, (2) swarms or schools, (3) populations, (4) euphausiid species, and perhaps (5) species assemblages with similar zoogeographic affinity. Here we addressed interspecific differences between 2 species with distinct swarming densities and behavior patterns.
Nyctiphanes simplex interacted with virtually all types of ectoparasites, mesoparasites, and endoparasites observed in the present study, except the ectoparasitic Dajidae Notophryxus lateralis, which to date has been detected exclusively in Nematoscelis difficilis. However, an unidentified epicaridean cryptoniscus stage isopoda infested N. simplex. Thus, N. simplex is exposed to all types of parasites discovered off both coasts of the Baja California peninsula. Even combining parasites of N. difficilis observed in Oregon (suctorian and Foettingeriidae ciliates) (Fig. 6E,F ) (Field 1969 , Landers et al. 2006 ) and the west coast of the Baja California peninsula (Foettingeriidae ciliates, ellobiopsiids, and Dajidae isopods), N. simplex has about 3 times the parasite diversity of N. difficilis (Tables 3 & 4) . N. simplex was vulnerable to lethal Collinia sp. infections and usually had higher prevalence rates than N. difficilis of non-lethal parasites (Tables 2 to 4 ). For the coevolution of a stable parasite-host association, parasites require relatively accessible hosts with high replacement rates. We conclude that the considerably higher densities of N. simplex facilitate parasite transmission and, in the long term, endoparasites can complete their life cycle infecting preferentially, if not exclusively, euphausiid species that form dense swarms and have a wide distribution range and a high abundance throughout the year (Table 1) .
Although individual parasite species generally have low prevalence rates, the cumulative rates of the entire parasite assemblage indicate that, on average, about 14% of the Nyctiphanes simplex population was infested or infected. This implies that parasites have a considerable effect on N. simplex populations (Tables 3 & 4) . There is no evidence that N. difficilis (a species with oceanic affinity) temporally inhabit the epibenthic ecosystem during their daily vertical migrations. Conversely, because juveniles and adults of N. simplex typically spend < 6 h near the benthos over the continental shelf during their daily vertical migrations (Robinson & Gómez-Gutiérrez 1998) and at the mouth of shallow bays (Gómez-Gutiérrez & Robinson 2006) , this species is also vulnerable to epibiotic infestation of Licmophora diatoms, similar to Nyctiphanes australis (McClatchie et al. 1990 ), and trematode infections, which typically infect benthic mollusks as primary hosts (Shimazu 2006) . These parasites likely associated with the benthic environment were not detected in the more oceanic Nematoscelis difficilis.
Several euphausiid species are known to form daytime surface swarms with densities of up to 7.7 × 10 6 ind. m -3 for Meganyctiphanes norvegica (Nicol 1986 ), 1.5 × 10 6 ind. m -3 for Euphausia lucens (Nicol et al. 1987) , 2 × 10 4 to 6 × 10 4 ind. m -3 for E. superba (Hamner 1984 , Hamner et al. 1983 , and 100 to 1.5 × 10 6 ind. m -3 for Nyctiphanes australis (O'Brien 1988 ). This social behavior may significantly decrease the NND and increase interaction between individuals that will facilitate parasite transmission. For example, M. norvegica in surface swarms exhibit a higher infestation rate (8 to 82%) by epibiotic suctorians in comparison with samples taken at depth offshore (2%) (Nicol 1984) . About 70% of daytime surface N. australis swarms were infested with Thalassomyces fagei (prevalence rates <1 to 6%) (O'Brien 1988) . Hamner (1984) observed that E. superba sometimes have whitish individuals (presumably parasitized) positioned behind the school unable to swim as fast as healthy individuals. Strand & Hamner (1990) reported E. superba exclusively forming schools, and the few solitary individuals they captured were almost always damaged and/or parasitized.
The low prevalence rates of parasites, castrators, and parasitoids detected in euphausiids in the present study (excepting epibiotic organisms with an apparently negligible effect on the host) indicate how several parasites have to deal with many intermediate and paratenic hosts to infest or infect their definitive hosts and complete their complex life cycles. In other words, population density and swarming behavior of the hosts may control parasite population dynamics. We propose that most parasites, particularly endoparasites, depend on and must be closely associated with highly abundant and widely distributed euphausiid host species that are available throughout the year to maintain long-term, stable populations. We demonstrated that Nyctiphanes simplex, which has considerably higher densities (6 to 22 times greater) and a more compact, dense, swarming behavior than Nematoscelis difficilis (Table 1 , Fig. 2A,B) , facilitates a coevolutionary association with a more diverse assemblage of ecto-, meso-, and endoparasites. This does not mean parasites cannot infest or infect N. difficilis (or other euphausiid species with low abundance); however, the likelihood of N. difficilis becoming parasitized must be considerably lower. For example, Sporozoa gregarines and Dajidae isopods have been detected in Nematoscelis megalops, N. difficilis, and Nematoscelis spp. (Field 1969 , Théodoridès & Desportes 1975 , and trematodes and cestodes also infect several Nematoscelis species (Sars 1885, Shimazu 2006) .
Although several of the parasites in the present study were not identified to species level, each type of ectoparasite, mesoparasite, and endoparasite likely represents distinct taxonomic groups that have their own morphological, biological, pathological, and life cycles pattern, and the actual diversity reported here is probably underestimated. A multispecific Foettingeriidae apostome ciliate assemblage was discovered in 6 euphausiid species from the Oregon coast (Landers et al. 2006) , and a similar assemblage likely occurs in our area of study. We report the first observation of an Epicaridea isopod (cryptoniscus stage larvae) attached to a euphausiid, confirming Field's (1969) hypothesis that cryptoniscus stage isopods can infest euphausiids during their life cycle. Our main conclusion is that euphausiid species that attain considerably large biomasses and tend to form compacted swarms are exposed to higher infestation and infection rates and may have a resultant low body condition or high mortality rates due to parasitism. Euphausia pacifica, an abundant, densely swarming, North Pacific euphausiid, is also associated with a diverse ecto-, meso-, and endoparasite assemblage (Shimazu & Oshima 1972 , Mooney & Shirley 2000 , Gómez-Gutiérrez et al. 2003 , 2006 , 2009 , Smith & Snyder 2005 , Landers et al. 2006 , Shimazu 2006 . Species with relatively small biomass and/or with a tendency to form diffuse swarms off both coasts of the Baja California peninsula simply do not produce the host density threshold required for many parasites to successfully transmit, reproduce, and complete their life cycles. In our area of study we did not detect parasites or parasitoids in the relatively few specimens collected of tropical euphausiids (Euphausia eximia, E. distinguenda, and E. tenera), but they must be studied in the near future, particularly in the mouth of the Gulf of California and Eastern Tropical Pacific, where such species dominate the euphausiid's community structure. Host density seems to be particularly critical for endoparasites like the parasitoid Collinia spp. ciliates and Platyhelminthes, so far exclusively observed in Nyctiphanes simplex. One remarkable ecological and evolutionary trend is that the parasitoid ciliates Collinia spp. infect only highly abundant euphausiids (definitive hosts) in the Bering Sea (Thysanoessa inermis) (Capriulo & Small 1986) and off the OregonCalifornia coast (E. pacifica, T. spinifera, and T. gregaria) (Gómez-Gutiérrez et al. 2003 , 2006 . N. simplex is apparently the only euphausiid species from the northwest of Mexico that has the biological capabilities to attain a sufficiently large population, biomass, and aggregation density to enhance and sustain Collinia spp. parasitoid populations.
To our knowledge, this is the first observation of cestode, tramatode, nematode, and acanthocephalan larvae infecting euphausiids in the northeast Pacific Ocean. We detected at least 3 distinct types of cestodes. In general, cestode taxonomy, life cycle, and biology is highly fragmented, but it is better studied in euphausiid species from the Northwest Pacific (Shimazu 1975a , 2006 , Shimazu & Amano 2001 . We found a trematode, tentatively identified as Paronatrema sp., infecting Nyctiphanes simplex, previously reported as unidentified metacercaria infecting Euphausia pacifica in the East China Sea (Shimazu & Kagei 1978) . The life cycle of tetrarhynchobothriids is not known, but Shimazu (1975a) reported a plerocercoid Tetrarhynchobothrium sp. from E. similis. We detected Tetrarhynchobothrium and Echinobothryum cestode larvae infecting N. simplex. Trematodes of these genera are known to infect elasmobranch fishes in the Gulf of California (Tyler & Caira 1999 , Tyler 2001 . It is likely that small pelagic fish could be intermediate or paratenic hosts to these trematodes which eventually infect elasmobranchs. The mobulid ray Mobula japonica, which feeds exclusively on N. simplex in the Gulf of California, is occasionally infected with unidentified trypanorhynch cestodes within their pleurperitoneal cavity (Notarbartolo-di-Sciara 1988).
Laboratory observations of live Anisakis sp. first and second larval stages indicate that molt inside the egg and newly hatched third-stage larvae apparently are not infective to adult euphausiids (Shimazu & Amano 2001) . Shimazu & Amano (2001) suggested that L3 may be infective for younger euphausiids and/or the euphausiids become infected via copepods as paratenic hosts. In the Gulf of California, Nyctiphanes simplex may be a significant vector of helminth transmission of third larval stage but abundant copepods and amphipods from the Gulf of California may also be important as they have been detected as relevant intermediate hosts of nematodes (Klimpel et al. 2004) . A. simplex, like most gut parasites, has a very low level of host specificity and has been reported in at least 200 fish species, 25 cephalopods, 53 mammals (Klimpel et al. 2004) , and at least 14 euphausiid species (Smith & Snyder 2005) because they enter a host via predation. This lack of specificity has been interpreted as spreading out the risk of failure to complete their life cycles (Marcogliese 1995) . Both parasitoids and castrators have the ability to decrease host fitness to zero (Kuris 1974) , imposing considerably pressure in a population level if they have elevated prevalence rates. Adult helminthes and acanthocephalids spawn and release their eggs in whale feces, and copepods and euphausiids may act as true intermediate hosts. The prevalence rates of helminth castrators of euphausiids are typically too low (typically <1/4000) to be considered a threat at the euphausiid population level. However, because most predators ingest large quantities of euphausiids, krill are relevant vectors (intermediate or paratenic hosts) that promote high prevalence rates and intensities in higher trophic level organisms (final parasite's hosts) (Marcogliese 1995) . For example, the blue whale Balaenoptera musculus is a species that feeds almost exclusively on swarms of N. simplex and Nematoscelis difficilis during their winter-spring incursion on the Gulf of California, and the fin whale B. physalus feeds on euphausiids and small pelagic fish schools throughout the year (Gendron 1992 , Del Ángel-Rodríguez 1997 , Ladrón de Guevara et al. 2008 . Analysis of blue whale and fin whale feces provides evidence of infections with adult acanthocephala (9 to 17 mm, family Polymorphidae, likely of the genera Bolbosoma or Corynosoma) and their eggs with prevalence rates of 22% (n = 27) for blue whales and 29% (n = 7) for fin whales and eggs of Ascariodea helminths (Nematoda: Anisakidae) and cestodes Diphyllobothrium spp. (Cestoda, Diphyllobothriidae) (Gendron & Urban 1993, Rocha-Gosselin 2009). We detected the 3 acanthocephalan larval stages (acanthor, acanthella, and cystocanth) infecting N. simplex, providing strong evidence that N. simplex is a significant krill species vector for whale acanthocephalan infection in the Gulf of California. Helminth eggs were found in 57% of blue whale feces, compared to 29% for fin whales, suggesting that the exclusively krill-based blue whale diet may promote higher endoparasitic prevalence rates (RochaGosselin 2009). Acantocephalan and helminth infections in euphausiids occur at extremely low prevalence rates (Sars 1885 , Lindley 1977 , Shimazu 1975b , Smith 1983a ,b, Marcogliese 1995 . However, N. simplex are consumed in massive quantities by baleen whales in the Gulf of California (630 to 960 kg d -1 , equivalent to 3-4 × 10 8 individuals) (Tamura & Ohsumi 1998 , J. Del Ángel-Rodríguez unpubl. data). Thus, even with extremely low prevalence rates, N. simplex may represent a relevant infection vector that explains the relatively high prevalence rates in cetacean definitive hosts.
The links between intermediate and definitive hosts throughout the parasite life cycles in the Gulf of California need to be investigated. The parasite assemblage of the euphausiid population may act as primary intermediate hosts of helminth and acanthocephalan endoparasites, significant infection vectors to higher trophic levels (intermediate and/or definitive hosts), with potential health effects for humans that feed on other intermediate hosts (e.g. Anisakiasis). Additionally, Collinia spp. ciliates may represent a relevant predator that can consume euphausiids at rates similar to other predators (e.g. Mobula or Balaenoptera), and epibiotic exuviotrophic apostome ciliates may have a role in nutrient cycling as the discarded molts sink to deeper waters. All this indicates how parasites of abundant pelagic species can play multiple ecological roles in the trophic web of the northwestern coast of Mexico. Because of their high prevalence rates, histophagous behavior, and short life cycles (Gómez-Gutiérrez et al. 2003 , 2006 , Collinia spp. have the most potential to cause epizootic events in Nyctiphanes simplex. Although typically each type of parasite affects a small fraction of the euphausiid population (typically <1%) on both coasts of the Baja California peninsula, they can pose a considerable threat to the health, species diversity, and population dynamics of resident euphausiid species. 
